)
PUFA synthesis display cell-specific and modality-spe-4(wa14) mutants are viable under laboratory conditions in which they are fed on E. coli OP50, a bacterium that cific sensory deficits in TRPV-dependent neurons. These behavioral defects originate upstream of the does not synthesize or require polyunsaturated fatty acids (Tanaka et al., 1996) . fat-1 and fat-4 mutants are TRPV channel. Our results suggest that specific PUFAs function as endogenous modulators of TRPV channels active, fertile, and superficially indistinguishable from wild-type N2 animals in their appearance and developin sensory neurons.
ment ( concentrations ( Figures 2C and 2D) . The fat-4 fat-1 patTo study the in vivo effects of PUFA depletion on tern of chemotaxis defects is similar to that associated TRPV signaling pathways, we employed the fat lipid desaturase mutants. fat-1(wa9), fat-3(wa22), and fatwith osm-9 mutations ( Statistical analysis by ANOVA and Student's t test with Bonferroni correction for multiple comparisons, different from wild-type at *p Ͻ 0.05, **p Ͻ 0.01. Alleles tested were osm-9(ky10), osm-9(n2743), fat-1(wa9), fat-4(wa14), fat-3(wa22), and the double mutant fat-4(wa14) fat-1(wa9).
or mutations that affect cell fate of the AWA olfactory diacetyl chemotaxis defect of fat-4 mutants ( Figure 2C ) further suggests that AA and EPA are most effective for neurons (Sengupta et al., 1994) . These results suggest that AWA sensory function but not AWC sensory func-AWA sensory function. The mild AWC chemotaxis defect in fat-3 mutants could suggest a minor PUFA requiretion is disrupted in the fat-4 fat-1 double mutant.
fat-3 mutants also exhibited a strong chemotaxis dement in AWC but is also consistent with slight general sensory or motor defects and the apparent sluggishness fect to AWA-sensed odors (Figures 2A, 2C, and 2E ). In addition, they exhibited diminished chemotaxis to of fat-3 mutants. several AWC-sensed odors, especially at low odor concentrations ( Figure 2D ). These results suggest that AWA PUFA Synthesis Mutants Have Defects in TRPV-Dependent Nociception function is strongly impaired in the fat-3 mutant, whereas AWC-dependent behaviors are mildly impaired.
Like AWA neurons, the ASH polymodal nociceptive neurons use the TRPV channels OSM-9 and OCR-2 for senBased on the pattern of PUFA accumulation in different fat mutants ( Figure 1B) fat-3 animals were highly defective for nose touch light body touch was intact in fat mutants, indicating that the nose touch defect was likely to result from a avoidance ( Figure 3A) . fat-4 mutants and fat-4 fat-1 double mutants had milder defects, and fat-1 mutants were defect in the sensory neurons rather than the downstream motor circuit ( Figure 3B ). unaffected ( Figure 3A) . These behavioral results suggest ASH-mediated avoidance of high osmolarity, heavy ASH Synaptic Function Is Retained metals, and volatile repellents was also defective in fat-3 in fat-3 Mutants mutants ( Figures 3C-3E) . fat-4 fat-1 double mutants had
The behavioral and sensory defects in fat-3 mutants are milder but significant defects in these behaviors. These consistent with a defect in ASH sensory signaling, cilium avoidance behaviors were much more robust in fat mudevelopment or morphology, or propagation of a Ca 2ϩ tants than in osm-9 mutants, indicating that some TRPV signal from the cilium to the cell body. To establish signaling persisted in the absence of C20 PUFAs (Fig- whether fat-3 affects ASH neurotransmission, we used ures 3C-3E).
a heterologous channel that bypasses ASH sensory ASH nociceptive function was also disrupted in the transduction molecules. Wild-type C. elegans does not fatty acid elongation mutant elo-1(wa7), which encodes respond to the chili pepper irritant capsaicin, but animals one of several elongases in the C. elegans genome.
expressing the rat TRPV1 channel in ASH respond to elo-1 mutants have reduced levels of all C20 PUFAs capsaicin with an escape behavior that is similar to en-(see Supplemental Figure S1A ASH and AWA neurons of fat-3 animals had superfitype animals gave a robust increase in G-CaMP fluorescially normal cilia, dendrites, cell bodies, and axons cence in the ASH cell body, with a mean maximum ⌬F/F when examined using cell type-specific GFP markers of 68% Ϯ 4% (SEM) (Figures 4B and 4E ). This signal (data not shown). The ASH sensory neurons take up the appeared to be selective for nociceptive signaling in lipophilic dye DiI through exposed sensory cilia, and dye ASH: no reliable Ca 2ϩ transients were observed in ASH uptake is disrupted by defects in cilia morphogenesis or neurons of wild-type animals in response to a control transport (Hedgecock et Since the avoidance behavior was observed within secdesaturase activities and the elo-1 and elo-2 elongase onds, these results suggest that PUFAs can act as direct activities in the fat-3 mutant converted exogenous GLA, activators of sensory neurons and perhaps TRPV DGLA, and AA into downstream PUFAs but did not modchannels. ify ALA and EPA ( Figures 1A and 1B) . GC of lipid-supple-EPA-evoked avoidance responses were not present mented fat-3 mutants confirmed rescue of systemic C20 in osm-9 or ocr-2 animals, suggesting that PUFA avoid-PUFA levels, which was often accompanied by accumuance is generated by ASH signaling upstream of the lation of the supplemental fatty acid ( Figure 1B) . OSM-9/OCR-2 sensory channel ( Figure 7A and data not fat-3 AWA diacetyl chemotaxis behavior was rescued shown). By contrast, EPA avoidance was maintained in by 24 hr dietary supplementation with AA or EPA but fat-3 mutants, which do not avoid natural ASH stimuli not by supplementation with ALA, GLA, or DGLA (Figure effectively. These genetic results suggest that the cellu-6C). Diacetyl chemotaxis of wild-type animals was dilar target of exogenous PUFAs does not require lipid minished by DGLA or GLA supplementation. Dietary synthesis but does require TRPV channel function. One supplementation with the same panel of PUFAs neither possible interpretation of these observations is that enhanced nor impaired AWC benzaldehyde chemotaxis PUFAs could act directly on TRPV channels, leading to in wild-type or fat-3 mutants ( Figure 6D) EPA and AA (data not shown). Thus, EPA is likely to mutants at a level comparable to EPA activation of wildtype ASH neurons ( Figures 4D and 4E) . Thus, exogenous function directly on ASH to generate sensory responses. No reliable Ca 2ϩ transients were observed in ASH neu-EPA bypasses the PUFA biosynthetic enzyme FAT-3 to activate ASH. rons of osm-9 mutants in response to EPA (n ϭ 7) or AA (osm-9 ocr-2, n ϭ 7), indicating that the lipids act through the TRPV OSM-9 and OCR-2 channels. Discussion fat-3 ASH neurons were defective in their response to standard ASH nociceptive stimuli such as high osmotic
Our results demonstrate that PUFAs synthesized by the fat genes are required for TRPV-dependent AWA olfacstrength, but EPA activated the ASH neurons in fat-3 era (Photometrics). Images were taken at 10 Hz with 2 ϫ 2 binning using a 63ϫ/0.95 NA Zeiss Achroplan water immersion objective.
Behavioral Assays
Filter/dichroic pairs were the following: excitation, 470/20 plus 0.6 Chemotaxis assays were performed essentially as described (Bargneutral density; dichroic, 510; emission, 520 LP (Chroma). Fluoresmann et al., 1993), except that the boundaries of the "attractant" cence images were acquired using MetaMorph software (Universal and "diluent" zones were enlarged on all assay plates to accommoImaging). Lateral movements of a region of interest were tracked date the decreased motility of fat-3 animals. ASH nose touch assays offline using custom Java software written by Rex Kerr, and changes (Kaplan and Horvitz, 1993), 2-octanone avoidance assays ( 
